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Abstract 
Nowadays, China releases the most quantity of carbon dioxide in the world. For dealing with the serious environment 
problems in the future, it is necessary to cut down the emission of greenhouse gases. The total energy demand & 
GDP are predicted as 4.4 billion tons standard coal and R.M.B 76.5 trillion Yuan, with time series analysis 
technology, in 2020. The L.P. model is set forth, with carbon and free carbon energy evolving tendency, but meeting 
energy demand as subject condition, with CO2 minimum emission as goal function. The model’s solution proves that 
carbon dioxide emission of per unit GDP is 1.41 ton/108 Yuan, reduced by 53% compared 2005, the electric power 
with free carbon resource over the sum is 16% in the 2020. 
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1. Introduction 
From December 7th to 18th 2009, the 15th meeting of contracting parties for ‘The United Nations 
framework convention on climate change’ was held in Copenhagen, the capital of Denmark, also called 
the World Climate Conference. The conference attracted the world to pay much attention to current 
energy structure and its common aim was to optimize energy structure, reduce greenhouse gas  emission 
as well as improve the earth's environment. 
China is regarded as one of the most development potential countries in the 21st century, but meantime, 
its consumption of primary energy is the second largest in the world, and most being carbon energy . The 
study and application of clean  energy in  China are still in  relatively  low period. The situation that energy 
structure is irrat ional and low efficiency is not only constraining economic development in China, but 
also causing seriously environmental deterioration. According to the data of Nat ional Bureau of Statistics, 
in 2007, China’s carbon energy among total consumption of primary energy is more than 93.4%, low 
 
* Corresponding author. E-mail address:.Zhang5701@163.com 
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier Ltd.  
Selection and peer-review under responsibility of RIUDS
Open access under CC BY-NC-ND license.
Zhang Chuanping et al. / Energy Procedia 5 (2011) 1084–1092 1085
carbon or clean energy is only 6%[1]; the total emission of carbon dioxide is 6246.55 million metric 
tons[2-9]. Compared with 5832.82 million metric tons of America, 1214.19 million metric tons of Japan 
and even 4661.999 million metric tons of Europe, China releases the most quantity of carbon dioxide in 
the world. 
On November 25th 2009, in allusion to current situation of carbon dioxide emission, State Council 
executive meeting put forward a emission reduction target that carbon dioxide emission of per unit GDP 
by 2020 should be reduced by 40%̚ 45% than that in 2005. Considering that improving energy 
efficiency is a long term process, the most effective means to achieve emission reduction at present is to 
optimize energy structure, reduce carbon energy usage and expand the proportion of clean energy in the 
consumption of primary energy, which is  also the main research purpose of this paper. 
Through a lot of correlation analysis, this paper would calculate China’s energy structure and its 
adjustment plan in which the spirit of the World Climate Conference in Copenhagen is embodied. China 
would optimize its energy structure, simultaneously this means hereinafter: developing associated 
industry technology, being less depending on the traditional energy, developing new & hi-tech industry of 
clean energy, and realizing the transformation of Chinese economic development pattern. 
2. Analysis and prediction of China energy status 
The energy structure of China from 1978 to 2007 is shown in figure 1. 
1.1. 2.1 Overall analysis and prediction of China energy demand 
According to the data of National Bureau of Stat istics, the total consumption of primary energy in 
2007 was 2655.83 million tons standard coal, among total consumption, coal was 69.5%, oil was 1 9.7%, 
nature gas was 3.5% and clean energy was 7.3%; the 
energy efficiency was 71.25%[10] and generating 
power efficiency was 40.24%. In the total demand of 
2655.83 million tons standard coal in 2007, 46.36% 
was used to generate electricity, this proportion in  
every year, has not been too big fluctuation [11] .  The 
demand of our country’s electric power in 2007 was 
32711.8 billion kilowatt-hours and its 83.0% was coal 
power. 
The prediction of China energy demand by 2020 is 
the core data for optimizing energy structure. The time 
series analysis[12]  technology is used to predict 
furture energy demand in th is paper. ARMA (1, 1) 
model predicts that in 2020 China energy demand is 
about 4.49 billion tons standard coal. 
1.2. 2.2 Analysis of carbon energy 
2.2.1 Analysis of coal 
China possesses abundant coal resources, with the reserves accounting for 13% of global reserves, 
ranking second in the world. China's coal production in 2007 was 76.6% in the total production of 
primary energy and its consumption was 69.5%. About 50% of coal consumption was used for power 
generation, followed by end-consumption and coking [13] . 
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Fig. 1. The Energy Structure of China 
Data source: National Bureau of Statistics
Āstatistical yearbook 2008ā 
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According to the data of The United States Energy Department, China's coal demand in 2020 will rise 
to about 3.53 billion tons standard coal (Domestic calculation of coal p roduction by 2020 is 3.44 b illion 
tons standard coal [14] ). On the basis of coal consumption structure in 2007, about 1.75 billion tons coal 
will be used for power generation and the rest for coking, heating and energy end -use. 
2.2.2 Analysis of petroleum 
In 2007, China's o il demand was 523.2 million tons standard coal. In the oil consumption , only 3.61% 
of total consumption was used for generating, heat application and gas works, and the rest 92.3% was 
used to end-use, a part of 4.09% [15]  was used for crack-refining.  
According to the prediction of American Energy Agency in 2006, China's oil demand in 2020 will be 
624.23 million tons, about 891.76 million tons standard coal. Recent years, our basically stable oil 
production is 185 million tons. It  is estimated that the oil peak production will be around 2015, the 
maximum oil production can reach to 200 million tons by 2020. By the oil p roduction of 200 million tons 
in 2020, China needs to import oil about 424.23million tons, about 606 million tons standard coal and the 
import dependence rate is 67.96%[16] . 
2.2.3 Analysis of natural gas   
China's natural gas for proven reserves is 2.25×1012 m3, but total resource is 51.7×1012 m3, and the 
ratio of proven reserves and the resource is 4.35% .Therefore, China has great development potential in 
natural gas. 
The natural gas-related data in  china  shows: city gas consists 40.57%, including gas used in 
automobile engine; industrial gas consists 15.21%; power generation consists 3.5%;  others consists 
40.72% [17], which is used as chemical raw material. By 2020, China’s demand for natural gas is 144 
billion cubic meters, and by the calorific value of 8700 calories per cubic meters gas , it is equivalent 
about 224.25 million tons of standard coal. Total supply forecasted is less than 150 billion cubic meters, 
namely 242.73 million tons of standard coal. 
1.3. 2.3 Analysis of clean energy  
2.3.1 Analysis of nuclear energy  
Currently  the proportion of nuclear power in total generating capacity is relatively s mall; in 2007, it 
was 62.13 billion kilowatt-hours, about 1.9% [18]. But in the following three years, China will build  8 
nuclear power p lants, 16 nuclear power generating units and the installed capacity is more than 10 million 
kilowatts. By 2020 nuclear power’s installed capacity will be reached 40 million kilowatts which can 
provide 350.4 billion kilowatt-hours of electricity every year. Uranium reserves discovered in China 
every year is as six to eight times as its usage. 
2.3.2 Analysis of hydraulic power 
At present, hydraulic power is the main source of power generation other than thermal power, except 
the Three Gorges Dam, and across the land of China especially  in  the south, people build all scales of 
hydraulic power stations to alleviate electric scarcity. In 2007, hydraulic power was 485.26 b illion 
kilowatt-hours, accounting for 14.8% [19]of total power generation. According to the current 
development rate, it can provide 1213.15 b illion kilowatt-hours of electricity by 2020; installed capacity 
is at least 200 million kilowatts, may even be raised to 240 million kilowatts, and annual power 
generation can be reached to 2102.4 billion kilowatt-hours. 
2.3.3 Analysis of wind power 
Currently China's wind power generation is also at the initial stage, its proportion among total 
electricity generation has no specific statistics . However, according to the coverage of China's energy 
network, closing in  2008, China's total wind power installed capacity  had been reached to12.21 million 
kilowatts, only a year in 2008 it was increased by 6.3 million kilowatts, just after the United States of 8.38 
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million kilowatts. Because wind resources is proportional to the cube of wind speed, the big fan  which 
China researched now has been developed into 80 ~ 100m altitude. China is fu lly capable of wind power 
installed capacity by 2020 achieving to 20 million kilowatts and the annual electricity generation is raised 
to 175.2 billion kilowatt-hours. 
2.3.4 Analysis of solar energy 
China has stepped into the period which  solar electrical energy generation develops steadily since 
Nineties of the 20th century. Till the end of 2007, the accumulat ive installed capacity of photovoltaic 
system had been reached to 100 thousand kilowatts, which could provide 876 million kilowatts -hours of 
electrical power. At the same time ,the total output of poly-silicon has been continuously increased and 
may  be exceeded 30 thousand tons in 2010.Besides, the cost of poly-silicon was constantly reduced at the 
price of 15 to 19 dollars per kilogram. For thos e reasons, solar energy must have brighter development in 
the next decade. By conservative estimate, the installed capacity will be raised to 16 million and annual 
power generation will be exceed 140.016 billion kilowatt-hours in 2020. So lar energy resources is 3 t imes 
more than wind energy in  our country. According to scholars, only the desert region in Inner Mongolia , it 
can meet China’s electrical demand in the next 50 years.  
1.4. 2.4 Analysis of CO2 emission 
According to the U.S. Energy Department data, China's carbon dioxide emissions in 2007 was 6246.55 
million tonnes, among of which 5139.86 million tonnes came from coal burning , oil burning releases 
968.63 million tonnes and natural gas burning discharges 138.06 million tonnes[18].Calcu lated by 
China’s consumption of three fossil fuel in  2007, consuming one ton standard coal’s heat, coal releases 
2.78 tonnes of carbon dioxide, oil releases 1.85 tonnes of carbon dioxide and natural gas releases 1.49 
tonnes of carbon dioxide. 
On November 25th 2009, State Council executive meeting put forward an emission target that carbon 
dioxide emission of per unit  GDP by 2020 is lower by 40%̚45% than that in 2005. According to this 
objective, the emission in 2005 was 5558.48 million tons, the GDP was 18408.86 b illion Yuan and 
carbon dioxide emission of per unit GDP was 3.02 ton/108 Yuan. Calculated in accordance with 40% 
down, carbon dioxide emission by 2020 of per unit  GDP is 1.80 ton/108 Yuan. Current annual GDP 
growth is about 9%,so the GDP in 2020 will be 76500.992 b illion Yuan, and thus carbon dioxide 
emission should be controlled less than 13770.18 million metric tons. 
3. To optimize China’s energy structure 
The L.P. model is set forth, using the data mentioned above as the energy supply constraints, with CO2 
minimal emission as objective function, and the energy structure optimization scheme by 2020 is obtained. 
1.5. 3.1 Model assumption and variable setting 
3.1.1 Model assumption 
We made the following assumptions when the model is set forth: 
(1) China's economy continues to grow, and there is not too much volatility which leads to a 
significant reduction of energy demand;  
(2) To achieve basic investment in clean energy, that is, having the clean energy production capacity 
which is forecasted above; 
(3) The import volume of oil, natural gas and coal can meet the requirement in 2020; 
(4) The loss of all processing has been assessed in each unit of energy efficient use; 
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(5) Energy consumers are willing to pay energy conversion cost, or accept the rising of per energy 
price in the premise of reducing energy consumption. 
(6) When using optimal design, assume the carbon energy structure in 2020 is similar to that in 2007. 
3.1.2 Model variable set 
Model variables are related to energy consumption, and therefore set the following v ariables: 
1coal ˖the coal for energy end-use˗˄unit˖ten thousand of standard coal˅ 
2coal ˖the coal for power generation˗˄unit˖ten thousand of standard coal˅ 
3coal ˖the coal for heating and gas works˗˄unit˖ten thousand of standard coal˅ 
4coal ˖the coal for coking˗˄unit˖ten thousand of standard coal˅ 
5coal ˖the coal for producing the remaining secondary energy sources˗˄unit˖ten thousand of 
standard coal˅ 
1oil ˖the oil for energy end-use˗˄unit˖ten thousand of standard coal˅ 
2oil ˖the oil for power generation˗˄unit˖ten thousand of standard coal˅ 
3oil ˖the oil for heating and steam works˗˄unit˖ten thousand of standard coal˅ 
4oil ˖the oil for producing the remaining secondary energy sources˗˄unit˖ten thousand of 
standard coal˅ 
1gas ˖the natural gas for industrial fuel gas˗˄unit˖ten thousand of standard coal˅ 
2gas ˖the natural gas for power generation˗˄unit˖ten thousand of standard coal˅ 
3gas ˖the natural gas for urban gas˗˄unit˖ten thousand of standard coal˅ 
electric ˖the electric energy provided by carbon-free renewable energy˗˄unit˖terawatt hour˅ 
1.6. 3.2 The Constraint Conditions 
(1) Energy consumption is not less than its quantity demand: 
449074.91
8141.0
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1
t ¦¦¦
   
electricgasoilalco
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ii
i
                            ˄1˅ 
(2) The coal consumption should be less than its supply . And according to the data of 2007, 
approximately 16.1% of coal for coking, and because that there is no substitute for this part’s demand 
temporarily, thus it needs to be remained. The coal forecast demand of this part in 2020 will be: 
5683316.1%353000  u
 ten thousand of standard coal, so: 
320640.99
5
1
d¦
 i
icoal ˈ 568334 tcoal                                            ˄2˅ 
(3) Supposing that China will import oil to meet the oil demand in 2020 which is 89176.39 ten 
thousand tons of standard coal, however, according to the data of 2007, the oil demand for producing 
secondary energy was about 3.51%, and because that there is no effective alternative fuel for the current 
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gasoline and diesel , so assume that it is necessary to keep this part of the oil. After calculat ion, this part 
of energy demand in 2020 is 31.2641 million tons of standard coal, so: 
3911.89176
4
1
d¦
 i
ioil
ˈ 41.31264 toil                                             ˄3˅ 
(4) The supply of natural gas in 2020 is 242.73 million tons of standard coal (demand is 224.2512 
million tons of standard coal), and we predict that 30% of them will be used for chemical purpose after 
structural adjustment (the rest of 169.911 million tons of standard coal equivalent for other purposes). 
According that 40.57% of gas consumption was used for city gas and 15.21% was used for industrial gas 
in 2007, the city gas’s demand is 90.9787 million tons of standard coal and industrial gas’s demand is 
34.1086 million tons of standard coal in 2020, so: 
1.16991321 d gasgasgas                                                      ˄4˅ 
87.90973 tgas ˈ 86.34101 tgas                                                 ˄5˅ 
(5) The clean energy is mainly used to provide electric energy, so the constraint condition is the 
maximum electricity supply amount of all the clean energy in 2020, that is: 
1.187896.140117525.121313504  
 terawatt hour, so˖ 
1.18789delectric                                                                ˄6˅ 
(6) The total demand for electricity in 2020 should be provided by carbon energy thermal power 
generation and clean energy power. According to the time series model, China's energy demand in 2020 
is 4490.749 million tons of standard coal, including 1828.252 million tons used to generate electricity. In 
accordance with China's current power generation efficiency--40.24%, the actual demand is 735.5169 
million tons of standard coal, and if calculated by the criterion of 81.41 million kilowatt hours per million 
tons of standard coal, the aggregate demand is about 59878.43 terawatt hour’s electric quantity, so: 
  43.598788141.0%24.40222 tuu electricgasoilcoal                        ˄7˅ 
(7) Among the energy demand in 2007, the proportion of coal and oil used for life & industrial demand 
such as gas works and heating were 6.49% and 1.19%, therefore we infer that their demand altogether is 
239.7069 million tons of standard coals in 2020. Simultaneously the proportion of natural gas in the urban 
gas is expanding increasingly, we infer that the demand in 2020 is 90.9787 million tons of standard coals 
if taking the current rate of development, and the proportion should be further expanded after structural 
adjustment, so: 
56.33068333 t gasoilcoal                                                   ˄8˅ 
(8) In 2007, the energy end-use of coal and oil were 24.58% and 92.34%, and according to the demand 
prediction in 2020, the consumption of them will respectively be 867.85 million tons of standard coals 
and 823.45 million tons of standard coals, altogether 1691.30 million tons of standard coals. We assume 
that the demand for industry can not be replaced by other industrial raw materials, thus we must keep the 
demand of this part with 76.80% coal, namely 666.5078 million tons of standard coals  and 36.73% oil, 
namely 302.466 million tons of standard coals. But the coal used for other terminal consumption, 
1691.3935 million tons of standard coal, can be substituted by industrial gas, and natural gas consumption 
in this area is 34.1086 million tons of standard coals, so we can get:  
78.666501 tcoal ˈ 60.302461 toil ˈ 21.172541111 t gasoilcoal                    ˄9˅ 
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(9) In the energy consumption field of  providing and producing the remaining secondary energy 
sources, oil demand is 31.2641 million tons of standard coal, and similarly coal demand is 84.2847 
million tons of standard coals , accounting for 2.39% in the total coal demand. The future demand of this 
part for coal and oil is similar, so it can be replaced by oil, then: 
88.1155445 t oilcoal                                                                       ˄10˅ 
(10) Finally, the objective function we set is to make the minimum carbon dioxide emissions, and 
calculating in accordance with the fact that China's carbon dioxide emission of standard coal per ten 
thousand ton of coal heat is 27800 tonnes, oil 18500 tonnes, as well as natural gas 14900 tonnes, we can 
directly abbreviate that as: 
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Integrating all of the above constraints and 
objective functions, the following L.P. model can be 
obtained. 
1.7. 3.3 To solve the L. P. 
Using simplex method, the optimal solution for 
the above linear programming is: 
  00.718481  coal 66.2542712  coal
36.666613  coal 00.683354  coal
 84.32445  coal  
 81946.351  oil 02  oil 03  oil
 04.23074  oil  
3410.861  gas  02  gas  
 13580.243  gas  18789.1 electric  
The objective function is  9977.05 Z . That is 
to say, in 2020, under the above energy structure, 
our country’s GDP will be 76500.992 billion Yuan, 
carbon dioxide emission will be 9977.04 million 
metric tons, equivalently carbon dioxide emission of per unit GDP is 1.30 ton/108 Yuan, reducing by 57% 
compared with which is 3.02 ton/108 Yuan in 2005, and we will successfully realize emission reduction 
target. The energy structure of 2020 is shown as Table 3. 
4. Conclusions 
 In the next 10 years, our country should make 
adjustment of energy demand structure: (1) Strive to 
develop clean energy, keep current development speed of 
clean energy , and increase its proportion in the field of 
power generation to guarantee to achieve the target after 10 
years, evenly increase˗(2) Reduce the use of coal, mainly 
Table 3 China Energy Structure In 2020 
end-use electric power 
coal oil natural gas 
coal 
for 
power 
carbon-free 
power 
generation 
60.85% 32.89% 6.27% 84% 16% 
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reduce the thermal power generation’s proportion in total power generation, and substitute part of coal 
demand by oil and natural gas˗(3) Oil is no longer used for power generation and steam as well as 
heating, etc, meanwhile all petroleum resources are used as energy end-use and fuel oil, which is 
secondary energy conversion, and through the substitute of coal to reduce the usage of coal˗(4) In theory, 
the increase of gas supply is in inverse proportion to the carbon dioxide emissions, so it is an important 
part of China's future energy security strategy to increase the development of nature gas and its proportion 
in the consumption of energy end-use. 
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